The anti-Müllerian hormone gene (Amh) is responsible for regression in males of the Müllerian ducts. The molecular mechanism of regulation of chicken Amh expression is poorly understood. To investigate the regulation of chicken Amh expression, we have cloned Amh cDNAs from quail and duck as well as the promoter regions of the gene from chicken, quail, and duck. The expression patterns of Amh during embryonic development in these three species were found to be similar, suggesting that the regulatory mechanisms of Amh expression are conserved. The sequence of the proximal promoter of Amh contains a putative binding site for steroidogenic factor 1 (SF1), the protein product of which can up-regulate Amh in mammals. We showed here that SF1 is able to activate the chicken Amh promoter and binds to its putative SF1 binding site. These results suggest that SF1 plays a role in regulation of Amh expression in avian species. q
Introduction
In birds, the heterogametic pairing of sex chromosomes (ZW) results in female development, whereas males are the heterogametic sex (XY) in mammals. It remains unclear whether avian sex is determined by a master female-determining gene (or genes) on the W chromosome, by Z chromosome gene dosage, or by a combination of both mechanisms (Clinton, 1998) . Although the systems for sex determination and differentiation differ between mammals and birds, several genes that are associated with sex differentiation in mammals are expressed in similar patterns in mouse and chicken gonads during development, suggesting that the molecular mechanisms of sexual differentiation are similar to some extent in the two species.
One such gene is that for anti-Müllerian hormone (Amh), also known as Mü llerian inhibiting substance, which is expressed from early stages of sexual differentiation, predominantly in pre-Sertoli cells of male embryonic gonads, in mice and chickens (Münsterberg and Lovell-Badge, 1991; Oréal et al., 1998) . The product of this gene, AMH, is a member of the transforming growth factor-ß (TGF-ß) superfamily of secreted signaling molecules and induces regression of the Müllerian ducts, the anlagen of the female reproductive tract including the uterus, oviducts, upper vagina, and fallopian tubes (Josso et al., 2001) . However, there is a difference between mouse and chicken in the expression patterns of Amh that are evident before the appearance of structural differences between the sexes. At this stage, Amh is expressed at similar levels in male and female gonads of chicken (Oréal et al., 1998) but is not expressed in mice (Münsterberg and Lovell-Badge, 1991) .
The sex and temporal specificities of its expression during embryonic development indicate that Amh is a highly regulated gene. The molecular mechanisms of Amh expression have been extensively analyzed in mammals, but they are not well characterized in chicken. Analysis of the mammalian Amh promoter has revealed that the transcription factors SOX9 and steroidogenic factor 1 (SF1, also known as AD4BP) play central roles in male-specific up-regulation of mouse Amh. Targeted mutagenesis of the SOX binding site at nucleotide position K142 in the proximal promoter of mouse Amh prevented the initiation of gene transcription (Arango et al., 1999) , indicating that SOX9 is essential for the induction of Amh expression. In vitro transfection experiments with a minimal Amh promoter (180 bp) revealed that mutation of the SF1 binding site at position K90 resulted in a marked decrease in transcriptional activity (Shen et al., 1994) . Introduction of the same mutation into transgenic mice led to only a slight decrease in Amh expression (Arango et al., 1999) . This discrepancy may be explained by the existence of another functional SF1 binding site at position K218 (Watanabe et al., 2000) . Characterization of the chicken Amh promoter (Oréal et al., 1998) revealed little sequence similarity to that of mouse Amh, although two putative SOX binding sites and a putative SF1 binding site were detected. Whether these predicted binding sites are functional has remained unknown, but analysis of the expression of chicken Sox9 and Sf1 suggests that the products of these genes are not essential for malespecific up-regulation of chicken Amh. Sox9 is expressed predominantly in developing male gonads during sexual differentiation in the chicken; however, in contrast to the mouse, up-regulation of Amh precedes that of Sox9 (Oréal et al., 2002; Smith et al., 1999a; Takada et al., 2005) . Chicken Sf1 is expressed at similar levels in male and female gonads before sexual differentiation, as is chicken Amh; however, after the onset of sexual differentiation, Sf1 is expressed at a higher level in female gonads than in male gonads, suggesting that SF1 is not responsible for the male-specific up-regulation of Amh.
Interaction of the Amh promoter with its regulatory factors has not been demonstrated in the chicken. To investigate the molecular mechanism of regulation of Amh expression in chicken, we have compared the promoter sequences of three avian species: chicken, quail, and duck.
Results

Cloning and expression patterns of quail and duck Amh
To clone the promoter regions of quail and duck Amh, we first attempted to clone quail and duck Amh cDNAs by 5 0 and 3 0 RACE. Primers for RACE were designed on the basis of the sequences of partial genomic fragments of quail and duck Amh amplified by PCR with the primers cAmh-4 and TAMHF3, which, in turn, had previously been designed on the basis of the chicken Amh cDNA sequence (Western et al., 1999) and used to clone Amh cDNA from the red-eared slider turtle, Trachemys scripta (Takada et al., 2004) . These primers, which are located in the 3 0 terminal region of the open reading frame of chicken Amh, yielded 391-bp products from the quail and duck genomes (data not shown). Comparison of the DNA sequences of these products with that of chicken Amh cDNA (GenBank accession no. X89248) revealed a 27-bp conserved sequence with no mismatches. Sense and antisense oligonucleotides corresponding to this 27-bp sequence were synthesized and used for 3 0 and 5 0 RACE, respectively. Given that sex differentiation occurs before day 5 in quail embryos and day 7 in duck embryos (Takada et al., 2006) , we used RNA purified from the gonads of male quail and duck embryos on days 7 and 8, respectively, as a template for RACE. The nucleotide sequences of 5 0 and 3 0 RACE products were determined and assembled to yield the corresponding cDNA sequences.
To verify the authenticity of the sequences determined by 5 0 and 3 0 RACE for each species, we attempted to amplify cDNAs containing the entire coding regions of quail and duck Amh by RT-PCR with primers that map to the corresponding 5 0 and 3 0 untranslated regions. A 2.0-kb cDNA was amplified from RNA prepared from quail or duck. Nucleotide sequencing of each of the amplified fragments confirmed that the 5 0 and 3 0 RACE sequences were linked in tandem for both quail and duck, demonstrating that the assembled sequences correspond to single transcripts.
The putative proteins encoded by the quail and duck cDNAs comprise 644 and 670 amino acids, respectively. A search for protein motifs with CD-Search (Marchler-Bauer and Bryant, 2004) revealed that both deduced amino acid sequences contain the 99-residue TGF-ß motif at their COOH-termini, with 97, 94, and 94 residues of this motif being identical in the quail protein and chicken AMH, in the duck protein and chicken AMH, and in the quail and duck proteins, respectively, (Fig. 1) . The overall sequence identities of the three avian proteins are 94.0, 76.5, and 75.3% for quail and chicken, duck and chicken, and quail and duck, respectively, despite the previous finding that the amino acid sequence of AMH is poorly conserved among vertebrates (Carré-Eusèbe et al., 1996; Neeper et al., 1996; Western et al., 1999) . Given that a BLASTP search of the nonredundant GenBank database with the deduced amino acid sequences of the quail and duck proteins as queries yielded Gallus gallus (chicken) AMH followed by Macropus eugenii (wallaby) AMH and Alligator mississippiensis (American alligator) AMH as the most similar sequences, we conclude that the isolated quail and duck cDNAs are derived from the corresponding Amh genes. The nucleotide sequences of these quail and duck cDNAs have been deposited in GenBank under the accession numbers AY904049 and AY904047, respectively.
We next examined the spatiotemporal expression patterns of quail and duck Amh during the early stages of gonadal differentiation with the use of whole-mount in situ hybridization. Gonad-mesonephros complexes were isolated from quail embryos on days 4, 5, 6, and 7 (Zacchei stages 17 to 18, 20 to 21, 22, and 24, respectively), (Zacchei, 1961) and from duck embryos on days 6, 7, 8, and 9. Duck embryos were staged by comparison with chicken (Hamburger and Hamilton, 1951) . The morphological stages of duck are essentially the same as those of chicken, although development is slightly delayed in duck embryos (days 6, 7, 8, and 9 for duck embryos correspond to Hamburger and Hamilton stages 25 to 26, 28, 29 to 30, and 31 to 32, respectively). Amh mRNA was not detected in quail gonads on day 4 ( Fig. 2A,F ) or in duck gonads on day 6 (Fig. 2J,O) . Amh expression was observed in male and female gonads both of quail on days 5, 6, and 7 ( Fig. 2B -D,G-I) and of duck on days 7, 8, and 9 ( Fig. 2K -M,P-R), with expression levels being higher in male than in female. Sense control probes yielded no specific labeling (Fig. 2E,N) . The earliest detectable stages for male-specific up-regulation of Amh were thus similar for chicken (stages 28-30) (Loffler et al., 2003; Morais da Silva et al., 1996; Oréal et al., 1998; Smith et al., 1999a) , quail (day 5, corresponding to Zacchei stages 20 to 21 and Hamburger and Hamilton stages 27-29) (Zacchei, 1961) , and duck (day 7, corresponding to Hamburger and Hamilton stage 28). These similar expression patterns suggest that regulation of Amh expression is conserved among these three avian species. The expression patterns of quail and duck Amh are also similar to those of quail and duck Sox9 (Takada et al., 2006) . The earliest detectable stages examined so far for malespecific up-regulation of Amh and Sox9 is same in quail and duck (quail at day 5and duck at day 7), however, there was a difference in expression patterns between Amh and Sox9 in female gonads of quail and duck; Amh is expressed at low levels but Sox9 is not.
Cloning and nucleotide sequence analysis of chicken, quail, and duck Amh promoters
To isolate the promoters of chicken, quail, and duck Amh, we used PCR with primers based on the sequences of Amh and of a gene located upstream of Amh in the avian genome. BLAT analysis (February 2004 assembly, http://genome.ucsc.edu/ cgi-bin/hgBlat, International Chicken Genome Sequencing Consortium, 2004) with the chicken Amh sequence as a query identified Sap62 (also known as Sf3a2) as being located upstream of and adjacent to Amh. Primers were thus designed on the basis of open reading frame sequences conserved between chicken (NM_001004397) and mouse (NM_013651) Sap62 and among chicken (X89248), quail, and duck Amh. These primers yielded 5328-and 4651-bp products from the chicken and quail genomes, respectively, but no product was obtained from the duck genome. The chicken and quail products were sequenced and the resulting sequences were used to design a primer for amplification of the duck Amh promoter. A 5793-bp PCR product was thus obtained from the duck genome. Sequence analysis revealed that the orientations of Sap62 and Amh are the same in all three avian species. The nucleotide sequences of these genomic fragments (excluding the primer sequences) have been deposited in GenBank under the accession numbers DQ269189 for chicken, DQ269190 for quail, and DQ269191 for duck.
The similarity in the expression patterns of Amh among chicken, quail, and duck embryos suggested that the regulatory sequences responsible for the control of Amh expression are also conserved among these species. To identify regulatory elements that might mediate up-or down-regulation of Amh expression, we first compared the promoter sequences among the three species. The sequences obtained by PCR from chicken and quail spanned from exon 2 of Sap62 to exon 1 of Amh, whereas that obtained from duck spanned from exon 3 of Sap62 to exon 1 of Amh. To compare corresponding Fig. 2 . Whole-mount in situ hybridization analysis of Amh expression in the embryonic gonad-mesonephros of quail and duck. Male (A-E) and female (F-I) quail embryos were analyzed on day 4 (A, F) day 5 (B, G), day 6 (C, E, H), and day 7 (D, I). Male (J-N) and female (O-R) duck embryos were analyzed on day 6 (J, O) day 7 (K, P, N), day 8 (L, Q), and day 9 (M, R). All embryos were subjected to hybridization with an antisense probe, with the exception of those in (E) and (N), for which a sense probe was used as a control. Arrows indicate the positions of the gonads. Scale bars, 1 mm. genomic regions of the three species, we extracted nucleotide sequences corresponding to the duck fragment (entire sequence of DQ269191) from the chicken (nucleotides 1083-5098 of DQ269189) and quail (nucleotides 1039-4420 of DQ269190) fragments. Comparison of these nucleotide sequences with MultiPipMaker revealed the existence of a highly conserved region corresponding to nucleotides K178 to K1 of the chicken sequence (the major transcription start site of chicken Amh was designated as position C1) (Fig. 3A) . We next searched for binding elements within this conserved region with the use of FrameWorker software. This analysis identified several candidate binding factors: octamer-binding protein 1 (OCT1), CLOX and CLOX homology factors (CLOX), glucocorticoid responsive and related element (GREF), myocyte-specific enhancer-binding factor 2 (MEF2), EGR/nerve growth factor-induced protein C and related factors (EREF), and SF1 (Fig. 3B ). Among these factors, only the gene for SF1 has been shown to be coexpressed with Amh in the developing chicken gonad (Oréal et al., 2002) , further implicating SF1 as a regulatory factor for control of chicken Amh expression.
Regulation of chicken Amh expression by SF1
To localize regulatory sequences within the 5 0 flanking region of chicken Amh experimentally, we tried to perform transient transfection assays with nested deletion constructs of the Amh promoter (nucleotides K2217 to C45, corresponding to the genomic region spanning intron 5 of Sap62 and the entire 5 0 untranslated region of Amh) fused to a luciferase reporter gene and primary culture cell prepared from chicken embryonic gonads. (data not shown). However, this experiment could not work well because real-time RT-PCR analysis of Amh expression showed that sexual dimorphism of Amh expression was lost during 2 days of cell culture. Given that neither a chicken Sertoli cell line nor culture conditions that maintain Amh expression in primary chicken Sertoli cells that maintains Amh expression have been established at this time, it will be difficult to identify regulatory elements essential for sexual dimorphism in Amh expression by transient transfection assays with nested deletion constructs of the Amh promoter region. We therefore focused our analysis on the factors implicated in such regulation by sequence analysis.
Among the factors identified by comparison of the chicken, quail, and duck Amh promoter sequences (Fig. 3B) , only the gene for SF1 is known to be coexpressed with chicken Amh. We therefore, examined the effect of SF1 on the expression of chicken Amh by co-transfection of BOSC23 cells with an expression vector for SF1 (pcDSf1B2) and the Amh promoter constructs pGL3-cAmhp-178 and pGL3-cAmhp-178M, the latter of which contains a substitution of TT for GG in the putative SF1 binding site (Fig. 4A ). The luciferase reporter activity derived from pGL3-cAmhp-178 was increased twofold by transfection with pcDSf1B2 in a manner dependent on the amount of the latter vector, whereas no such effect was observed in cells transfected with pGL3-cAmhp-178M (Fig. 4B) . These results thus suggested that SF1 is able to activate expression of chicken Amh.
Binding of SF1 to the chicken Amh promoter
To examine directly whether SF1 binds to its putative binding site in the chicken Amh promoter, we performed EMSA analysis with a 96-bp fragment of the promoter as a probe and with in vitro-translated SF1 and luciferase (negative control). SF1 bound to the 32 P-labeled probe whereas luciferase did not (Fig. 5) . The binding of SF1 to the labeled probe was not detected in the presence of an excess amount of unlabeled probe but was unaffected by the presence of an excess of a corresponding oligonucleotide containing a GG to TT substitution in the putative SF1 binding site. These data thus indicated that SF1 binds directly and specifically to the putative SF1 binding site in the chicken Amh promoter.
Discussion
We have cloned quail and duck Amh cDNAs and examined the expression patterns of the corresponding genes during embryonic development. The expression patterns of the quail and duck genes were similar to that of chicken Amh, suggesting that the molecular mechanisms of Amh gene regulation are conserved among avian species. We compared the Amh promoter sequences of the three species and identified putative binding sites for several transcription factors. Further examination revealed that one of these sites, that for SF1, mediated activation of Amh expression in transfected cells and that SF1 binds directly to this site.
Although Sf1 and Amh are expressed in the same cells during early embryonic development in the chicken (Oréal et al., 2002) , the expression patterns of these genes are not identical after the onset of sexual differentiation. Amh is expressed at similar levels in male and female gonads at stage 25; however, after stage 28, its expression level in male gonads is increased whereas that in female gonads remains similar to that apparent at stage 25 (Oréal et al., 1998; Smith et al., 1999a) . Sf1 is also expressed at similar levels in male and female gonads at stage 25, but these expression patterns persist until stage 30 and Sf1 expression is then up-regulated only in the female, with expression in the male remaining at a level similar to that apparent at stage 30 (Oréal et al., 2002; Smith et al., 1999a,b) . It is thus possible that SF1 regulates Amh expression only before the onset of sexual differentiation, when Amh and Sf1 are each expressed at similar levels in male and female gonads.
It is also possible that the relatively low level of Sf1 expression in male gonads is sufficient to activate chicken Amh in cooperation with an unidentified factor that is expressed at a higher level in male gonads than in female gonads. A similar model has been proposed for the male-specific up-regulation of Amh expression by SF1 and SOX9 in mammals (Arango et al., 1999; Shen et al., 1994) . In mouse and human, whereas SF1 can up-regulates the Amh gene expression only twofold, SF1 together with SOX9 can up-regulates the Amh gene expression fivefold (De Santa Barbara et al., 1998; Schepers et al., 2003) . However, SOX9 is not a candidate for such a factor in chicken because up-regulation of Amh precedes that of Sox9 in this species (Oréal et al., 2002; Smith et al., 1999a; Takada et al., 2005) . It would be rather possible that SOX9 plays a role in maintenance and/or amplification of Amh expression level directly or indirectly in male gonads once transcription is initiated. If SOX9 has such a function, it would be reasonable to postulate that male-specific up-regulation of Amh precedes that of Sox9 in quail and duck gonads as well. This issue needs to be clarified in the future.
Another member of the SOX protein family may thus substitute for SOX9 in this role in chicken, given that SOX proteins are functionally redundant (Chaboissier et al., 2004; Collignon et al., 1996; Downes and Koopman, 2001; KanaiAzuma et al., 2002; Pennisi et al., 2000; Schepers et al., 2003; Smits et al., 2001; Stolt et al., 2003) . However, with the exception of Sox9, the chicken Sox genes known to be expressed in the gonads to date are not expressed in a malespecific manner (Oréal et al., 1998; Smith et al., 1999a; Takada et al., 2005 putative SOX binding sites are functional, they would likely be conserved in quail and duck, given the similarity in expression patterns of Amh among these three species. In quail, two SOX binding sites are present in the Amh promoter at positions corresponding to those of chicken, but neither site is present in the duck Amh promoter (data not shown), suggesting that these SOX binding sites are not functional. This finding may thus indicate that the mechanism of Amh regulation in chicken differs from that in mouse.
To determine whether a conserved SOX binding site might be present in the Amh promoters of chicken, quail, and duck, we searched the entire intergenic sequence between Sap62 and Amh for such a site with the FrameWorker program but failed to detect one (data not shown). However, we are still not able to exclude the possibility that chicken Amh expression is regulated by a SOX protein. Further, extensive cloning of chicken Sox genes and analysis of the chicken Amh promoter will be necessary to clarify this issue.
Watanabe et al. (2000) described that there are two SF1 binding sites in mammalian Amh promoter, one locates proximal (proximal SF1 site) and the other more distal (distal SF1 site), and both of them are conserved in various species of mammals and essential for full promoter activity in Sertoli cells. If there would be a distal SF1 binding site in addition to the SF1 binding site, which we analyzed, in avian species like mammals, it is reasonable to postulate that such sequence is conserved among chicken, quail and duck Amh promoter. However, we could not find such a site searched by FrameWorker program using the entire intergenic sequence between Sap62 and Amh (data not shown). It might be possible that the numbers of SF1 binding site, which is required for full Amh regulation are different between mammals and avians. If so, this may imply that protein complexes for male-specific up-regulation of Amh are also different between them.
Given that chicken Amh is expressed in a sexually dimorphic manner at the early stages of sexual differentiation, its expression might be regulated by the product of the testisdetermining gene or by a target of this product. Further analysis of the chicken Amh promoter may also lead to the identification of such a factor. Such studies would be facilitated by the establishment of a Sertoli cell line or of primary culture conditions for Sertoli cells that support the normal pattern of Amh expression.
In conclusion, we showed the first evidence that SF1 can up-regulate Amh gene expression in chicken, like in mammals. However, Amh is expressed higher levels in male than in female gonads (Oréal et al., 1998; Smith et al., 1999a) and Sf1 is expressed at high levels in female gonads, but at the relatively low level in male gonads as well, after onset of sexual differentiation (Oréal et al., 2002; Smith et al., 1999a,b) . It can be possible that low level expression of Sf1 is sufficient for Amh up-regulation. If it is so, there should be an unidentified factor that is expressed at a higher level in male than in female gonad and up-regulates Amh gene expression together with SF1. In mammals, one of critical factors with such activity is SOX9, however in chicken it is not likely because male specific up-regulation of Amh precedes that of Sox9 (Oréal et al., 2002; Smith et al., 1999a; Takada et al., 2005) . In addition, our comparative sequence analysis failed to identify conserved binding site for SOX factor. The nucleotide sequences of entire intergenic sequence between Sap62 and Amh in chicken, quail and duck would be useful to identify such a factor.
Experimental procedures
Animals
Fertilized Japanese domestic duck (Anas platyrhynchos), quail (Coturnix coturnix japonica), and chicken (Gallus gallus domestica) eggs were obtained from a local supplier (Saitama Experimental Animal Supply, Saitama, Japan) and maintained at 18 8C until their transfer to an incubator at 37.8 8C. Staging of chicken and quail embryos was confirmed at dissection as described by Hamburger and Hamilton (1951) and Zacchei (1961) , respectively. Staging of duck embryos was compared at dissection with chicken stages (Hamburger and Hamilton, 1951) . The urogenital ridge of each embryo was explanted for whole-mount in situ hybridization, and the hind limb was used for extraction of genomic DNA and polymerase chain reaction (PCR)-based sexing as described (Clinton et al., 2001; Takada et al., 2006) .
Cloning and sequencing of quail and duck Amh cDNAs
Partial genomic fragments of quail and duck Amh were amplified by PCR with the primers cAmh-4 (Western et al., 1999) and TAMHF3 (Takada et al., 2004) . The PCR products were ligated into the pT-Adv vector (Clontech, Palo Alto, CA) and sequenced by Operon Biotechnologies (Tokyo, Japan).
Quail and duck Amh cDNAs were generated by 5 0 and 3 0 rapid amplification of cDNA ends (RACE) (Frohman et al., 1988) . Total RNA was purified from male quail (day 7) and duck ( 
Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed as described (Xu and Wilkinson, 1998) with maleic acid buffer. Digoxigenin-labeled RNA probes were synthesized by in vitro transcription of DNA fragments obtained by digestion of 5 0 RACE clones of quail and duck Amh with ApaI-NotI and SmaIHincII, respectively. The probes correspond to nucleotides 1208-1714 of quail Amh cDNA (GenBank accession no. AY904049) and nucleotides 1180-1753 of duck Amh cDNA (AY904047).
Cloning and sequence analysis of chicken, quail, and duck Amh promoters
The promoters of chicken and quail Amh were obtained by PCR amplification of genomic DNA with primers based on chicken, quail, and duck Amh as well as chicken and mouse Sap62 sequences: uniSap62F2 (5 0 -CTGACGCTCCATAA-CAATGAGG-3 0 ) and uniAmhR7 (5 0 -ACCTTCCTCCAGGTGCAGGA-3 0 ). The promoter of duck Amh was obtained by PCR with genomic DNA and the primers dSap62F12 (5 0 -GCACCAGAAAAAGTCAAAGTGG-3 0 ) and dAmhR9 (5 0 -TGAGAACACCCATGACTTCCAGGTGG-3 0 ). At least three independent clones were sequenced for each PCR product. Chicken, quail, and duck Amh promoter sequences were compared with MultiPipMaker software (http://pipmaker.bx.psu.edu/pipmaker) (Schwartz et al., 2000) after examination for the existence of repeat units with RepeatMasker (http://repeatmasker.org). Searches for binding motifs were performed with FrameWorker (Genomatix, Munich, Germany).
Cell culture and transfection assay
The open reading frame of Sf1 was amplified by PCR with the primers cSf1F (5 0 -ATGGACTATTCGTATGATGAGG-3 0 ) and cSf1RXhoI (5 0 -CTCGAGTCAAGTCCGCTTGGCGTGCAGC-3 0 ) from cDNA prepared from the gonads of female chicken embryos at day 7 and was cloned into pGEM-T Easy. An Sf1 expression vector (pcDSf1B2) was then constructed by subcloning the open reading frame into pcDNA3.1 (Invitrogen, Carlsbad, CA). Genomic fragment for co-transfection experiment was amplified by PCR using chicken Sap62-Amh genomic clone as template and the primers cAmh-178F (5 0 -CTCGAGCTTTTCTTCAGTTTCCAA-3 0 ) and GL3AmhR Co-transfection experiments were performed in triplicate by transfection of BOSC23 cells, which are derived from human kidney (Pear et al., 1993) , with 5 mg of pGL3-cAmhp-178 or pGL3-cAmhp-178M, 0.05 mg of pGL4-hRL-tk as a transfection control, and pcDSf1B2 (0, 0.0625, 0.25, or 1 ng; the total amount of DNA was maintained constant by the addition of pcDNA3.1 as appropriate). Transfection was performed with the use of Lipofectamine 2000 (Invitrogen). Luciferase assays were performed with a Dual-Luciferase Reporter Assay System (Promega).
Electrophoretic mobility-shift assay (EMSA)
For preparation of a probe, a DNA fragment amplified by PCR from pGL3-cAmhp-178 with the primers cAmh-98FPstI and cAmh-1R (5 0 -GCGCATGG-GAGGACCGCATC-3 0 ) was cloned into pGEM-T Easy. The probe and a mutated competitor (insert of pcAmhp-98/1M) were excised from the respective pGEM-T Easy-based plasmids with PstI and EcoRI and purified by electrophoresis. Probe DNA was labeled with [g-32 P]ATP (Amersham Bioscience, Piscataway, NJ) with the use of T4 polynucleotide kinase (Takara-Bio, Shiga, Japan). SF1 and luciferase were produced by in vitro transcription and translation with pcDSf1B2 and Luciferase T7 control DNA (Promega), respectively, and a TNT Coupled Reticulocyte Lysate System (Promega). Binding reactions were performed in a final volume of 15 ml of a solution containing 10 mM HEPES (pH 7.8), 50 mM KCl, 1 mM EDTA, 25 mM MgCl 2 , 0.5 mg of poly(dI-dC), 10% glycerol, and 0.7 mM phenylmethylsulfonyl fluoride. For the competition experiment, non-labeled probe or mutated competitor was added to the binding reaction at an w100-fold excess. Reaction mixtures containing 2.5 ml of in vitro-synthesized SF1 or luciferase were incubated for 20 min on ice before addition of the 32 P-labeled probe. After incubation of binding reaction mixtures for 20 min at room temperature, DNAprotein complexes were resolved by electrophoresis on a 5% polyacrylamide gel with 0.5!Tris-borate-EDTA buffer at 4 8C.
